Abstract: Diabetes mellitus disease is increasing rapidly and the incidences in 2010 were about 285 million people worldwide. This is projected to increase to 438 million in 2030. The conventionally used drugs possess many side effects. In addition, the cost of modern antidiabetic drugs is beyond the reach of most people with a low income. Because of this, the need for alternatives that are effective, cheap, and safe is very common.
INTRODUCTION

Diabetes Mellitus
Diabetes mellitus (DM) is a chronic metabolic disorder characterized by a high blood glucose concentration (hyperglycemia) caused by insulin deficiency which is often combined with insulin resistance. Diabetes is classified into two types; type 1(insulin dependent diabetes mellitus IDDM) which accounts for 5-10% of cases and usually strikes children and young adults, and type 2(Noninsulin dependent diabetes mellitus NIDDM) which accounts for 90-95% of all diagnosed cases and occurs more frequently in older people. Various complications develop as a consequence of the metabolic derangements in diabetes, often over many years. Mortality & morbidity in diabetes are due mainly to the associated chronic complications [1] . DM diseases increasing rapidly and the incidences in 2010 were about 285 million people worldwide, and are projected to increase to 438 million in 2030 [2] . DM can be treated by using drugs including insulin, biguanides, sulfonylureas, and thiazolidindiones. Treatment should be accompanied by appropriate diet, increased physical activity, and behavior modification to ensure long term compliance [1] . yellowish green flowers with purple markings [8] . Ginger plants have been used for cooking and treating a host of ailments throughout Asia, especially in India and China, for over 5000 years. It can be consumed as a fresh or dried root and is often prepared in teas, soft drinks, and breads. According to European Pharmacopoeia 2011, ginger consists of the whole or cut rhizome of Zingiber officinale Roscoe with the cork removed, either completely or from the wide, flat surfaces only [11] .
Phytochemistry of Ginger
Ginger plants contain volatile oil 1-4%. According to the European Pharmacopeias, more than 100 different compounds have been identified in ginger, most of them terpenoids and sesquiterpenoids (zingiberine, bisabolene, and zingibrol) and small amounts of monoterpenoids (camphene, cineole, geraniol, curcumene, and borneol). The pungent principles, the gingerols (4-7.5%), are a homologous series of phenols (Fig. 1) . The principal one of these is 6-gingerol. Gingerols with other chain-lengths e.g. 8-gingerol and 10-gingerol, are present in smaller amounts. During drying and storage, gingerols are partly dehydrated to the corresponding shogaols which may undergo further reduction to form paradols. Other constituents are starch up to 50%, lipids 6-8%, proteins, and inorganic compounds [11] .
Beneficial Effects of Ginger
Ginger has a long history of use as a herbal medicine to treat many ailments. The major pharmacological activity of ginger appears to be due to gingerol and shogaol. The principal use is to treat nausea due to motion sickness, morning sickness, general anesthesia and chemotherapy [12] . The anti-inflammatory and antioxidant properties in ginger help to relieve various inflammatory disorders like gout, osteoarithritis and rheumatoid arithritis. It also has analgesic and hypoglycemic actions [13] . Experimental studies demonstrated that ginger in a crude or standardized extract has cardiotonic, antiplatelets, antiemetic, antimicrobial, antifungal actions andantidiabetic, antidyslipidemia; antiobesity, anticancer activity [14] . It also has hypotensive, vasodilator effects and verapamil like effects on the heart [15] .
Toxicological Data Available Regarding Ginger and its Constituents
Toxicological studies on animals determined the acute toxicity of methanolic and aqueous ginger extracts when used orally or by intraperitoneal routes of administration. The LD50 of methanolic extract was 10.25 g/kg and for aqueous extract was 11.75g/kg when given orally to mice [16] . The LD50 for the ethanolic extract was 1551+-75 mg/kg when given intraperitoneally to mice [13] . A single dose of ginger in a dose 2500 mg/kg can be toxic by causing severe hypotension and bradycardia with induction of prenecrotic changes in cardiac tissue. The hypotensive and bradycardia effects of ginger may be partially due to induction of vasodilation by increasing nitrous oxide release or synthesis and partially due to a calcium channel blocking effect [15] . Concerning repeated dose toxicity, Rong et al., 2009 [17] evaluated the safety of powdered ginger by conducting a 35 day toxicity study in rats. The results demonstrated that oral administration of up to 2g/kg of ginger did not cause any mortality or abnormal changes of the general condition or heamatological parameters in male or female rats. Other studies demonstrated that ginger, at 500 mg/kg when administered to rats intraperitoneally, for 28 days is slightly toxic when investigated for haematological parameters, liver enzymes, and systemic toxicity (liver and lung tissues) [18] .
Pharmacokinetics of Ginger
Several studies were conducted to demonstrate the absorption, metabolism, distribution and excretion of the ginger components. After oral administration of ginger as a single dose (300 mg) to rats, 8-gingerol, 10-gingerol and 6-shogaol were detected in the plasma as the free forms. The pungent principle 6-gingerol mainly existed as a glucoronide with a Cmax of 3.86 microgram/ml and a free form at 0.93 microgram/ml about 1.2 hours after dosing [19] . In clinical studies 6,8,10 gingerol and 6-shogoal were also identified as glucoronide metabolites [20, 21] . Several studies have been conducted on the pharmacokinetics of pungent 6-gingerol. Incubation of 6-gingerol with NADPH-fortified rat hepatic microsomes gave rise to eight metabolites [22] . The gut flora and liver enzymes play an important role in its metabolism [23] . Another study on rats aimed to clarify the plasma pharmacokinetics and distribution profile of 6-gingerol in rats after oral administration. It demonstrated a rapid absorption into the plasma of 6-gingerol and the maximal concentration was achieved after 10 minutes of oral dosing of 240 mg/kg of ginger extract. The Cmax of 6-gingerol was seen in the majority of tissue at 30 minutes. The highest value was in the stomach followed by the intestine. Concerning its distribution study, it was shown that it had a high tissue partitioning and extensive distribution and its concentration in tissue was higher than plasma after 0.25 hr of dosing [24] .
Animal Models used for Assessment the Alterations Observed in Diabetes Mellitus
Injection of strepotozotocin (STZ) or alloxan [25] [26] [27] [28] which destroy pancreatic -cells were well established methods for induction of type 1 DM, while fructose-rich diets (which induce obesity and insulin resistance) were used to induce type 2 DM [6, 29] .
Hypoglycemic Effects of Ginger in Diabetes Mellitus
Recently, several animal based researches and some human studies suggested that ginger or its components has hypoglycemic effects and decreases the complications of diabetes mellitus. In these studies, ginger extract and its components were used in various doses for different periods and in diverse routes of administration in both types of DM. Several experimental studies reported that long term administration of ginger extract significantly decreased blood glucose level in type1 induced diabetic animals [8, [30] [31] [32] [33] . Ginger has a dose dependent antihyperglycemic effect [34] . One acute study indicated that administration of ginger (4 and 8 gm/kg) intraperitoneally for rats after 30 minutes of diabetes induction also exhibited hypoglycemic effect and this effect was more pronounced after 2 hours [35] . Results from a number of animal studies supported the hypoglycemic effect of ginger extract in type 2 DM [6, 36, 34] .
The main component 6-gingerol also exhibited hypoglycemic property when administered to diabetic mice [37] , and improved impaired insulin signaling in arsenic intoxicated mice [38] .
In normal animals, it was seen that ginger exerted hypoglycemic effect in normal rats [4, 13] , mice [39] , rabbits [40] and broiler chick [41] .
Clinical trials revealed that ginger supplementation lowered blood glucose in patients with type 2DM when administered for a long period [42] . In addition, it improved insulin sensitivity and lipid profile [43] .
Possible Mechanisms Related to Hypoglycemic Effects of Ginger
In vitro, studies revealed that ginger and its components enhanced insulin sensitivity and improved diabetes as a result of increasing glucose uptake in gingerol treated L6 myotubemice cells [44] and L6 cultured rat skeletal muscle cells [45] . This action was attributed to increase in Glut-4 protein expression. It was also reported that 6-gingerol promoted glucose uptake in responsive 3T3-LI adipocytes [46] .
It was reported that ginger and its components also have an effect on digestive enzymes to reduce glucose absorption. This effect was exhibited by ethyl extract of ginger which inhibits the activity of amylase and glucosidaseenzymes [44] . Another study reported that the antihyperglycemic effect of ginger is due to its effects on the activities of glycolytic enzymes [34] . In addition, ginger extract could reduce the absorption of glucose from intestines [35] .
In arsenic-induced type 2 diabetic rats, 6-gingerol showed a protective effect on pancreatic beta cells and restored the plasma insulin level [38] .
Several studies demonstrated that ginger improved lipid profiles and it had antiobesity effects and subsequently reduced insulin resistance [36, 47] .
Recently, one clinical trial also indicated that ginger increased insulin sensitivity in type 2 DM patients [43] . Several reports have demonstrated that serotonin receptor (5-HT3) may be involved in hypoglycemic effect of ginger. Serotonin receptors mediate suppression of insulin release and ginger can antagonize this suppression effect [48, 49] . A long term administration of ginger extract to diabetic rats indicated that the antidiabetic effect of ginger is due to inhibition of oxidative stress and its anti-inflammatory activity [33] . The hypoglycemic activity of ginger in diabetic rats was explained by its effect on carbohydrates metabolism that caused the normalization of carbohydrates profile [31] . In a combined high-fat diet and STZ induced type 2 diabetic animal model, ginger was observed to enhance serum insulin concentration and improved glucose tolerance [6] . In another study the pungent component 6-gingerol also improved the glucose tolerance in type 2 diabetic mice [14] . Other possible mechanisms are that ginger extract may act by increasing peripheral utilization and inhibition of proximal tubule reabsorption mechanism of glucose in the kidney [50] .
Green Tea Plant
Tea is from the plant (Camellia sinensis, which is a member of the Theaceae family). The plant is an evergreen scrub or tree and can grow to heights of 30 feet, but is usually pruned to 2-5 feet for cultivation. The tea plant is considered native to south China and now is cultivated in other countries. The major tea-production countries are China, India, Srilanka, Indonesia and central African countries [51] .
More than 300 different kinds of tea are produced from the leaves of Camellia sinensis by different manufacturing processes. Generally, they are divided into two types: green tea (non-fermented), oolongtea (semi fermented) and black tea (fermented). To produce green tea, freshly harvested leaves are immediately steamed to prevent fermentation, yielding a dry, stable product. This steaming process destroys the enzymes responsible for breaking down the color pigments in the leaves and allows the tea to maintain its green color during the subsequent rolling and drying processes. These processes preserve natural polyphenols with respect to the health-promoting properties [7] .
Phytochemistry of Green Tea
The chemical composition of green tea is complex. The fresh dry weight of green tea contains protein (15-20%), amino acids (1-4%), carbohydrates (5-7%), minerals and trace elements (5% dry weight), fibers (26%), lipids(7%), pigments (2%), and phenolic compounds (30%) [7] . The polyphenols found in tea are known as flavonols or catechins. The main catechins are epigallocatechingallate (EGCG), epigallocatechin(EGC), epicatechingallate (ECG), and epicatechin (EC) (Fig. 2) . One 200 ml cup of green tea supplies 140, 65, 28, and 17 mg of these polyphenols, respectively [52] . Green tea leaves extract is more stable than EGCG because the extract has other antioxidant substances [7] .
Beneficial Effects of Green Tea
In recent years green tea has been widely studied to assess its beneficial effects and medicinal properties in the treatment and prevention of many diseases. The health benefits of green tea are related to its catechins, particularly EGCG [7] . Green tea polyphenols have demonstrated significant antioxidant, anticarcinogenic, anti-inflammatory, and antimicrobial properties in humans, animals, and in vitro studies [53, 54] . Moreover, consumption of green tea was associated with a reduced risk for type 2 DM in humans [55] .
Other studies demonstrated that administration of green tea to diabetic rats promoted blood glucose reduction, hypolipidemic response, antioxidant effect, improved kidney functions, and had cardiac protection effect [2, 56, 57] .
Safety of Green Tea
A study on healthy individuals showed that it is safe to take green tea polyphenol products in an amount equivalent to the EGCG content in 8-16 cups of green tea once a day or in divided doses twice a day for 4 weeks [58] . High doses administered for a long time i.e 90 days to female and male rats demonstrated safety of green tea. Hematological and histopathological observations revealed no toxicological changes and there was no mortality among these rats. The no observed adverse effect level (NOAEL) of green tea was estimated to be 764 mg/kg/day for males and 820 mg/kg/day for females [59] . Nevertheless, over consumption of green and black tea may cause harmful effects which are due to three main factors;
1. Its caffeine content (should not be taken by patients with cardiovascular problems)
2. The presence of aluminum (can be accumulated in patients with renal failure, resulting in neurological disorders)
3. The effect of polyphenol on bioavailability of iron from diet [7] .
An in vitro study on hepatic cells suggested that high concentration of green tea extract can exert acute toxicity in rat liver cells [51] . Another study reported that side effects of green tea had increased when taken on an empty stomach, and high doses may cause liver toxicity. Recently, regulatory agencies in France and Spain suspended market authorization of a weight loss product containing green tea extract because of the hepatotoxicity concerns [60] .
Pharmacokinetics of Green Tea
A clinical study demonstrated that a single dose of green tea (20 mg/kg) reached its peak in 1.3-1.6 hr., and the time of excretion is 8 hrs. EGCG was mostly present in the free form, whereas EGC and EC were mostly in conjugated forms [61] .
Methylation, glucuronidation, sulfation, and ring-fusion metabolism represent the major metabolic pathways for tea catechins [51] .
One study in human volunteers revealed that 90% of EGC and EC were excreted in 8 hrs after administration of 1.5, 3 and 4.5 gm / 500 ml of decaffeinated green tea. The half-life of EGCG was 5 hrs and for EC and ECG was 2.5-3.4 hrs. [62] .
The absorption of flavonol was enhanced when tea polyphenols were administered as a green tea supplement in capsule form and led to a significant increase in plasma antioxidant activity compared to when tea polyphenols were consumed as black tea or green tea [63] .
Bioavailability of green tea was affected by many factors when it was given to rats orally. These factors include membrane permeability, transporter mediated intestinal secretion, or gut wall metabolism [64] . The availability of free EGCG was increased by 60% after chronic administration of green tea at a high bolus dose [65] .
Hypoglycemic Effect of Green Tea in Diabetes Mellitus
Several studies suggested that administration of green tea or its main constituents by different routes, in various doses, and in different length of time lowered the blood glucose level in type 1 induced diabetic animals [41, 56, [66] [67] [68] [69] .
Consumption of green tea extract for a long period of time by type 2 induced diabetic animals also exhibited hypoglycemic effect [70, 71] .
A study in normal rats also noticed a decrease in fasting blood glucose after a long term of green tea administration [72] .
In one short term study, green tea promoted hypoglycemic effects in healthy humans and in diabetic mice 2-6 hrs after administration [73] . Indeed, the drinking of green tea by the Japanese might be a factor in preventing the onset of type 2 DM [74] .
Possible Mechanisms Related to Hypoglycemic Effects of Green Tea
Findings from in vitro and in vivo studies suggested different mechanisms by which tea and its components may normalize glucose level in diabetes mellitus.
EGCG was observed to protect pancreas cells by ameliorating cytokine-induced -cell damage in vitro [49] and by preventing the decrease in islet mass induced by treatment with multiple doses of STZ in vivo [69] . ECG was also indicated to have a protective effect on pancreatic cells against exposure to STZ in both in vitro and in vivo tests [75] . EGCG is possibly playing a role in controlling the dietary glucose uptake in the intestinal tract by its action as SGLTI (glucose transporter) an antagonist like molecule [76, 77] . Tea catechins may also affect glucose production. This was suggested by Walter et al., 2002 [78] . A study provided in vitro evidence that EGCG repressed the glucose Fig. (2) . Chemical structures of the major polyphenols found in green tea.
production of H4IIE rat hepatoma cells and decreased the expression of genes that control gluconeogenesis. Reduced hepatic glucose production and enhanced pancreatic function in type 2 DM was also suggested by Wolfram et al., 2006 [79] after consumption of ECGC. The antihyperglycemic activity of green tea was also ascribed to enhance insulin release. This was demonstrated by a study in which green tea and its polyphenol significantly increased basal and insulinstimulated glucose uptake of adipocytes [72] .
It has been reported that the insulin like action of polyphenols was involved in the mechanism by which green tea lowered the blood glucose level [80] . Green tea and its components were also indicated to enhance insulin sensitivity and decrease oxidative stress in diabetic animals [71] . In healthy humans, green tea has been shown to improve insulin sensitivity and glucose tolerance [81] . Anderson et al., 2002 [82] demonstrated that tea contains in vitro insulin-enhancing activity (increase insulin activity > 15 fold) and the predominant active ingredient was EGCG. The positive effect of green tea extract on insulin activity suggested a possible role of this plant in improving glucose and insulin metabolism [83] . It was suggested that green tea ameliorated insulin resistance in fructose fed-rats and this action was associated with the increase in the expression of Glut-4 [29] . One study by Tsuneki et al., 2004 [73] reported that a certain serum protein may be involved in the antihyperglycemic effect of green tea. The study also showed evidence of improvement in glucose metabolism in diabetic mice and healthy humans upon green tea consumption. Chen et al., 2005 [84] suggested that there is a direct connection between antioxidant activity and the hypoglycemic activity of green tea. In addition, tea catechins appeared to have antiobesity effects in type 2 DM by modulating lipid metabolism, and consequently decreasing insulin resistance [85, 86] .
SUMMARY
Findings from in vitro and in vivo studies and clinical trials revealed that ginger and green tea have effective hypoglycemic property in both types of diabetes mellitus.
Toxicity studies demonstrated the wide margin of their safety as a complementary hypoglycemic agent in diabetes. Pharmacokinetics studies provided information about the absorption, distribution and metabolism of ginger, green tea and their principle constituents.
Previous studies suggested different mechanisms by which ginger, green tea, or their components may lower the glucose level in type 1 and 2 diabetes mellitus. These mechanisms can be summarized as the following 1. Reduction of glucose absorption from digestive system by their effect on enzymes ( activity of glucosidase and amylase).
2. Protective effect on pancreatic cells from damage and restored the plasma insulin level.
3. Enhancing insulin sensitivity and glucose uptake in peripheral adipose and skeletal muscle tissues.
4. Reduction of insulin resistance by improving lipid profile.
CONCLUSION
We conclude that Zingiber officinale (ginger) and Camellia sinensis (green tea) plants share some possible mechanisms to lower glucose levels in type 1 and 2 of diabetes mellitus. The mechanisms underlying their actions are associated with the reduction of glucose absorption, increasing glucose uptake in peripheral tissues, enhancing insulin sensitivity and release, and decreasing its resistance by its effect on lipid profile. Toxicity studies have demonstrated their wide margin of safety; therefore, a study on a combination of these two medicinal plants in prevention and protection against diabetes mellitus may be needed, as they may exhibit a potential hypoglycemic action due to their synergistic or additive mechanisms of action.
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